on the well established efficacy of canine vaccination when potent vaccines are used 1 9 • Most of the difficulties, however, with respect to rabies control in these countries have arisen from their frontiers in areas where wildlife rabies is enzootic (Fig. 1) ; public health and agricultural authorities have in general introduced compulsory vaccination of dogs in a depth of 20 to 40 km bordering such areas.
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I slands like those of Britain and Hawaii have successfully invoked quarantine periods (6 and 4 months, respectively) for dogs, cats and related carnivores on entry, even though the quarantine facilities are often difficult and expensive to operate. During 54 years of operation in Hawaii more than 28,000 animals were processed without intercepting a single case of rabies 35 • In Great Britain, however, since 1919 some 77,000 dogs and cats have been through quarantine for the required p eriod of 6 months, and twenty-nine dogs (and one leopard) developed rabies during the quarantine period. Seven of these dogs (24 per cent) developed signs of the disease after having b een in quarantine for longer than 4 months (personal communication from A. G. Beynon).
In some contrast to the data from Great Britain on incubation p eriods are observations in the United States on 140 dogs either naturally (sixty-four animals) or experimentally exposed to rabies (seventy-six animals) with the date of exposure precisely known. Experimental exposure was obtained by inoculation into the masseter muscle, a severe challenge which usually results in relatively short incubation periods. With natural exposure only four animals (6 per cent) had incubation periods of more than 60 days, and one animal more than 90 days. In the experimentally exposed animals the corresponding figures were two and one animal, respectively 37 • 38 • Thus it can be reasoned that because only the odd case has a prolonged incubation period, restraint of the animal by the owner (leash) and periodical reporting to control authorities for, say, up to 2 or 3 months, in addition to a 4 month quarantine period, could in such cases ensure against harmful spread. To be even more certain, owners of all dogs imported from rabies-infected countries could be r equired to report to veterinary authorities any suspicious signs in their animals up to one year after importation. 1 Johnson, H. N., in Viral and Rickettsial Infections of Man, fourth ed. (edit. by Horsfall, F. L., and Tamm, I.), 814 (Lippincott, Philadelphia, 1965) .
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THE existence or non-existence of antimatter in the universe is an important question in cosmology and particle physics'.
Recently Harrison• has proposed the existence of large amounts of antimatter in the universe to account for the condensation of matter into galaxies. The only practical way of determining the existence of such antimatter is by the detection of the gamma radia tion produced when antimatter and matter annihilate into mesons with decay modes which produce gamma rays. The gamma ray spectra from such annihilations are presented h ere. They are based on the results of recent accelerator experiments on antiproton annihilation and also include cosmological distortions of local annihilation gamma ray spectra.
Local Annihilation Gamma Ray Spectrum
The annihilation gamma ray spectrum ( AGS) for protonantiproton intflractions involving kinetic energies less than 286 MeV (the threshold for non-annihilation pion production) is given by the expression
where v is the relative velocity of the proton and antiproton, f(v) is the normalized distribution function over this velocity, s is an index representing tho particular type of particle produced in the annihilation, cr 8 (Es ;v) is the cross-section times multiplicity of particles of type s and energy Es produced in a collision of velocity v, the index d specifies a specific decay mode with a branching ratio, Ryct, which produces ~yd gamma rays with a normalized energy distribution, f (Ey;Es) , The quantity, B, is defined as the product of interacting proton and antiproton dcnsitifls integrated over a line-of-sight pathlength l Lma.'.:
It can be shown that for energies less than 286 MeV, the production cross-section, cr8(Es ;v) can be written as (3) where Js(Es) is again a normalized distribution function and <rs and ~s are approximately constant production cross-sections and multiplicities 3 • With the help of equation (3), equation (1) reduces to (4) Fortunately, it is not necessary to use the general form of equation ( (The decay scheme, p 0 ---+1t 0 + rr 0 , is forbidden by the conservation of isospin in strong decays.) Gamma rays from p-meson decay possess an average energy of 210 MeV, not much different from the 190 MeV average energy given to gamma rays from tho directly produced pions that are an order of magnitude more frequent. Other mesons being even less frequently produced than the p-mesons, we can conclude that mesons other than pions have a negligible effect on the total gamma ray spectrum from protonantiproton annihilation.
We need therefore to include in equation ( It now remains only to evaluate the quantities cr and ~" and the production function fn(E,,) in equatio; (6). Of the annihilation processes which yield neutral 1tmcsons, the process
NATURE, VOL. 221. FEBRUARY 1. 1969 is, of course, forbidden by conservation of momentum. The process p+p---->-1t"+1t" (8) is also forbidden when it is noted that p1·oton-antiproton annihilations near rest occur predominantly from the 8 states of the proton-antiproton system. Lee and Yang 5 have shown that reaction (8) is then forbidden by the 10-1
10-•

Ey(GeY)
10-1 (The electromagnetic process, p+p---+2y, may also occur, but is rare enough to be neglectod 4 .} The product, 2cr"~"' has been determined experimentally to be 2cr,,~,, '.':' 1·44 x 10-25 cm' (11) (soc references in ref. 4) . The function f ,,(E,,) w,1s taken from tho calculations of Maksimenko 6 based on the statistical theory of multiple particle production. Matsuda 7 has shown that the statistical theory of multiple particle production is in excellent agreement with the data in describing annihilations into three or more mesons.
The resulting gamma ray spectrum, up to 750 MeV, is shown in Fig. 1 . Frye and Smith" have calculated the form of this speetrurn up to 500 MeV, based on recent measurements by the Columbia University group on charged pion production in pp annihilation. The excellent agreement between the results of Fig. I and the calcula- tions of Frye and Smith not only serves as a mutual chock on the calculations but also supports the conclusion that mesons other than pions have a negligible effect on the total gamma ray spectrum.
Metagalactic Annihilation Gamma Ray Spectrum
The metagalactic annihilation gamma ray spectrum will differ from the local spectrum calculated in the previous section due to contributions at non-zero redshifts, an effect which has been discussed previously 9 • Equation (6) must therefore be modified to include the cosmological effects of curvature, volume and density changes in an expanding universe, time dilation and energy red-shift.
In a Friedmann-type expanding universe with a Robertson-Walker metric the proper relativistic formula for calculating the spectrum becomes J Zmax _ fy[(l + z)Ey] dl IA(Ey) = 2cr,,~,.,c
where (13) and z is the cosmological red-shift. dl/dz, is given by (ref . 10) The curvature factor, dl dz
where c is the speed of light, H O is the present value of the Hubble parameter and q 0 is the deceleration parameter.
We consider the values q 0~0 and q 0 = 1/2, corresponding to the low density and Einstein-de Sitter cosmological The metagalactic differential annihilation spectrum given for various maximum red-shifts for an Einstein-de Sitter universe as discussed in the text. models respectively. We also assume that the densities of interacting matter and antimatter are inversely proportional to the volume of the universe and therefore are proportional to (1 +z) 3 • Such would be the case if matter and antimatter were effectively separated by a primordial baryon inhomogeneity• so that only a small fraction annihilates through peripheral interactions involving these inhomogeneities. Under this assumption, equation (12) reduces to IA(Ey) = 2B 0 'ntcr" ~" c r:max dz(l +z)a fr [(l +z)Ey] (15) where Bo'nt = n/gtnii:rcHo-' (16) np' .gt and nii'.gt are the present densities of interacting matter and antimatter respectively, and the index a is equal to 1 for the low density model and 1/2 for the Einstein-de Sitter model of the universe. It is of interest to note that becausefy(Ey) is non-vanishing only within a restricted energy range (given by equation (10)), an energy region exists 865 MeV < Ey < 5MeV (17) ( 
Log,,Ey (GeV) Fig. 3 . The metagalactic integral annihilation spectrum given for various maximum red-shifts for an Einstein de Sitter universe as discussed in the text.
in which the integral in equation (15) is independent of the form off y(Ey) and the resultant spectrum has powerlaw form. In actuality, the power-law form of the spectrum is a valid approximation even over a wider energy range where a change of the limits of integration over fr (Ey) does not significantly affect the value of the integral. In this case, we find 
Equation (15) was used to evaluate the form of the metagalactic annihilation gamma ray spectrum for various values of Zmax-These spectra are shown in Figs. 2 and 3 for the Einstein-de Sitter universe and in Figs. 4 and 5 for a low density universe. It can be seen from these figures, as well as from the previous argument, that as Zmax becomes very large, these spectra take on a powerlaw form. Indeed, the spectrum predicted for the lowdensity model is compatible with the observed isotropic X-ray spectrumn as well as a possible observation of the cosmic gamma ray flux above 100 MeV (ref. 12), provided :r._ the mea n product of interacting matter and antimatter densities (np' .;:t nv'.~t) is of the order of 10-1 • cm-6 • Gamma rays resulting from metagalactic cosmic ray collisions will produce spectra similar to annihilation spectra, which peak near 70 (l+zmax)-1 MeV (as will be discussed elsewhere). The most noticeable observational NATURE, VOL. 221, FEBRUARY 1, 1969 difference between these spectra lies in the region above several hundred Me V where the annihilation spectrum drops sharply to zero while the collisional spectrum will have a power-law form. It may also be shown that the metagalactic gamma ray spectrum resulting from cosmic ray collisions will peak above or near 1 MeV and therefore cannot account for the observed isotropic X-ray spectrum.
The explanation most often considered for the isotropic X-radiation is that it arises through Compton interactions of high-energy electrons and blackbody photons in the metagalaxy 13 • Such an explanation is beset by various difficulties, however, as Fazio et al. 14 and Brecher and Morrison 16 have previously pointed out.
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